A comparative study of the dehydration of the (001) and (111)surfaces of Ti02 (anatase) has been made starting from a master equation and introducing suitable transition probabilities. From the experimental data considered, relative to sample "Degussa P25" of Munuera and co-workers, it is concluded that the (111)face is the most likely to be exposed. The detailed mechanism of dehydration is analyzed and an estimate of the values of activation energies and frequency factors is presented. This analysis makes it clear that the surface migration of protons plays an important role during the dehydration process. Also the influence on the degree of surface hydration, the dehydration rate, and the numbers of certain ionic groups on the surface exerted by the temperature rate in a linear heating program and by initial surface coverage are discussed.
I. INTRODUCTION
The surface of titanium dioxide has been the subject of much research. ' Interest in these studies has been increased because the photoactivity of the Ti02 surface can play an important role in solar energy conversion.
Specifically, a number of these studies have focused on analyzing the hydroxyl groups on the surface and the defects created by removal of these hydroxyl groups. Titanium dioxide in its anatase form exposes preferably the (001) (Ref. 8) and (111) (0), (1), (2), and (3) [the (0) row is the most external and the (3) one is the most internal], periodically repeated four by four (see Fig. 1 ). The hydrated surface can retain water in molecular form, which is easy to remove, and as hydroxyl groups. In an idealized model one may assume that all adsorbed water is as hydroxyl groups, which form a monolayer with 15.2 OH groups per 100 A for a fully hydroxylated surface. Indeed this OH density is high, and the fully hydroxylated surface is likely unstable.
The situation of the (0) and (3) rows seems less stable than that of the (1) and (2) Fig. 2) . ' (ii) Removal of two hydroxyl groups, both located in the (1) row, both in the (2) row, or one in the (1) row and the other in the (2) row. Then an oxide ion and a vacant site are created and are randomly located on the pair of sites previously occupied by the removed hydroxyls (broken line in Fig. 2) .
(ii) Removal of a (0) The process will be described in terms of n and n;J, where n; denotes the fraction of lattices sites in the row i (i=0,1,2,3) in a state I (I = V, H, O), and n;J denotes the fraction of pairs in adjacent sites. The n, H also will be written 8;, the total hydration degree being 8= +, . 8;.
Taking into account the relationships among the various n; and n;J and choosing a set of independent variables, we obtain a set of coupled equations where the rates dn; Idt and dn, J Idt are expressed in terms of the quantidenote the fractions of clusters shown in Fig. 3 , i.e. , the time evolution of the singlet and doublet fractions, n; and n;J, depend also on the triplet fractions MI7k" and A,JQ". obtained by Munuera and co-workers exhibits a maximum at =100'C, a "shoulder" at =215 C, and a long tail above 300'C; the total curve is then resolved in three curves, corresponding to three types of adsorbed water, giving peaks at =100 C, 215'C, and 325'C. Our calculated curve is similar to the experimental curve, although the shoulder is slightly shifted towards the right-hand side and the decomposition in curves corresponding to different types of adsorbed water is more complex than the analysis of Munuera and co-workers [see Fig. 4(b) (1) and (2) rows. And finally, in a third stage, overlapped in part ' with the second one, with a maximum in the curve d83/dT -versus T at T=350 C and a long tail above this temperature, protons migrate from the (3) row to the (2) and (1) Figure 6 shows the behavior of 8 versus t, when the temperature is fixed at 250 C, 350 C, and 450 C, respectively, and evolution of system is followed for three hours. As Ez is low, the diffusion rate Fig. 7 ), and its evolution is consistent with the above description of the dehydration process. The number of oxide-hydroxyl pairs, which makes proton diffusion possible, starts from zero, passes through a maximum and finally decays again to zero. One must note (see Fig. 7 Fig. 1 ), it is apparent that n23 and n &2, at T=600'C, differ ' e, n33 (iv) Vacancy-vacancy pairs: a, nl2, b, zero). Thus, the (3) row holds a number of oxide-oxide pairs much lower than the expected number for an ideal dehydroxylated surface, i.e. , it has a minor excess of negative charge, while the (1) and (2) rows have a greater excess of negative charge than the ideal dehydroxilated surface. Therefore, (1) and (2) rows must exhibit a greater reactivity than that expected for an ideal surface, due to their tendency to gain protons to diminish their excess of charge.
Evolution of vacancy-vacancy pairs is also shown in Fig. 7 . By comparison of the results at T=550'C with the ideal dehydroxylated surface, a low value of n~z is obtained, this fact indicating that there are local excesses of negative charge in the (1) and (2) Figs. 8 and 9 ).
In Fig. 8 ('c ') FICx. 11. Ideal (001) cleavage plane of anatase: (a) dehydroxylated surface; (b) fully hydroxylated surface. Dotted, white, and black circles are, respectively, hydroxyl groups, oxide ions, and titanium ions, and + denotes more internal oxide ions. Fig. 13 , where one of the tried fits is shown, with
